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IN A GAS FIOW BY THE THERMOELECTRIC METHOD

A.I.Bannikov 2 2 [ﬂgL

A thermoelectric method for measuring velocity fluctuations and
turbulence in a gas flow, by determining the fluctuating portion
of the dynamic component of the stagnation temperature at con—
stant recovery factor, is described, with a flow diagram of the
device, The method is applicable to measurements in pilot and
full-scale installations and permits filtering out the velocity

fluctuations from the temperature fluctuations.

The Institute of Technical Thermophysics of the Ukraine Academy of Sciences
has developed a thermoelectric method of measuring the velocity fluctuations in
a gas flow. The stagnation temperature for a flow with velocity fluctuation

(Bibl.1) is
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where
W= steady mean velocity of the flow at some point;
w' = variable (fluctuating) velocity component.

The measurements of the turbulence intensity and velocity fluctuations are
reduced to measuring the fluctuating part of the dynamic component of the stagna-
tion temperature. In this case, the recovery coefficient r for each point of
the flow will be considered constant.

Figure 1 shows a block diagram of the measuring device. The sensor is a
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low-inertia thermocouple (1) into whose circuit the inertialess PBZT-3 ther-
mometer (2) is comnected in series (Bibl.A) which compensates the lag in read-
ings during rapid temperature fluctuations. The results are displayed on a
N-700 loop oscillograph (4). An electronic low-frequency Sl-4 oscillograph (3)
is used for adjusting the circuit and for visual observation of the process.
The temperature limits of the investigated flow are determined by the thermo-

electric properties of the thermocouple.

Fig.,1 Block Diagram of the
Measuring Device

The circuit is tuned to specific measuring conditions. In eq.(1l) the first

and second terms T + » w° characterize the overall temperature level

A
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of the flow for a specific point, while the expression

(2w w' + w'?)
represents the fluctuating portion of the dynamic component of the stagnation
temperature of the flow.

The electric signal, characterizing the overall temperature lével, is com-
pensated by the reference voltage of the controller of the PBZT-3 instrument,
thus establishing a tentative null line. Only the fluctuating component is
measured relative to the null line.

The time constant of the thermocouple for the instantaneous velocity value
is
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where

Y5 Cps V, S = specific weight, specific heat, volume, and surface of
the thermocouple;
o = heat transfer coefficient between the thermocouple and the

flow washing it.

The heat transfer coefficient depends to a considerable extent on the rate
of flow past the thermocouple. Hence it follows that the time constant of the
thermocouple placed in a turbulent flow will continuously vary, decreasing with
an increase in velocity and vice versa.

During operation of a thermocouple with a compensating instrument and
abrupt temperature changes on the surface of the thermocouple, the character of

the output signal is determined by the equation (Bibl.5)

uU4U.RE=e T | G)
Here,
u = output signal of the measuring device;
U = emf corresponding to the measured temperature (in this case, stagna-
tion temperature of the fluctuating velocity component of the flow);
T = current time of the measuring process.

At RC > ¢ (Bibl.5) there will be a "burst" of the signal whose magnitude

RC

depends on the ratio -—-—%; the larger this ratio, the greater the burst.

Thus, the actions of the shaping network, when correcting the signals of

the thermocouple, coincide in sign with the variations in the fluctuating ve- /33

locity component. As a result, the signals are greatly amplified toward the
corresponding changes.
In the measurement, the time constant of the thermocouple is first approx-

imately determined after which the value of the RC parameters at which the fluc-
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tuation signals are most distinct and prominent is defined in the storage of the
differentiator. It was established experimentally that RC should be greater
than € by a factor of 3 - 5. Depending upon the measuring conditions, this
ratio can be varied to either side.

Thus, the signal is amplified in the amplifier units of the instrument and

by overcompensation.

Fig.2 Turbulence Intensity Downstream
of a U~-Shaped Stabilizer and
Oscillograms for the Points a, b, c.

The oscillograms (Fig.2) show the curves of the time rate of change of the
fluctuating velocity component. These tracings are interpreted by the method
proposed at the V.I.Lenin All-Union Order of Ienin Electrical Engineering Insti-
tute, consisting in a determination of the root-mean-square amplitude for each
peint of the flow.

The curves for turbulence intensity are obtained with the above method by
feeding a U-shaped stabilizer of 32 mm width with a steady air stream having the
parameters w = 50 m/sec and t = 85°C for the cross sections I - ITI., Four addi-
tional stabilizers were exposed to the air jet, and the curves of the turbulence
intensity for each were obtained.

The results of an experimental check of the method agree well with the re-

sults of hot-wire anemometry under equal conditions (Bibl.2, 3).



The measuring device was calibrated by means of c'a]ibration grids, and the
calibration curves were plotted for each thermocouple. This yields a quantita-
tive picture of the intensity of turbulence.

The measuring probe is simple in design and manufacture and can be of any
configuration and size.

Individual components of a turbulent flow can be investigated by using
butt-welded thermocouples (Bibl.2, 3). In this case, the thermocouple must be
placed into the flow in a prescribed mammer so as to vary the conditions of
flow past it.

The test circuit is easily and quickly tuned to various operating condi-
tions.

The measuring device is small, simple to operate, and is characterized by
high accuracy of measurement and stability of the performance characteristics.

An electronic unit can be switched into the measuring device, for averaging
the magnitude of the fluctuating signals and for reading the level of turbu~-
lence intensity for each point of the flow at a specified scale.

The thermoelectric method of measuring turbulence intemsity and velocity
fluctuations in a gas flow is based on the low inertia of the test circuit and
amplification of the signal of only the fluctuating velocity component while
operating under overcompensating conditions.

The thermoelectric method can be used for investigating turbulence and ve-
locity fluctuations of a gas flow in various experimental and full-scale instal-
lations.

A major advantage of the method is the possibility of experimentally in—
vestigating flows at high temperatures, with the 1limit given only by the heat

resistance of the thermocouples. Furthermore, it has been established experi-




mentally that, under specific experimental conditions, the thermoelectric method
permits filtering out the velocity fluctuations from the temperature fluctua-
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BIBLIOGRAPHY

1. Gukman, A.A. and Ilyukhin, N.V.: Fundamentals of Heat Transfer in High-
Speed Gas Flows {Osnovy ucheniya o teplocbmene pri techenii gaza s bol'shoy
skorost'yu). Mashgiz, 1951.

2. — Flame Stabilization and Development of Combustion in a Turbulent Flow.
Collection of &ticles, Edited by G.M.Gorbunov (Stabilizatsiya plameni i
ragvitiye protsessa sgoraniya v turbulentnom potoke. Sbornik statey pod
red. G.M.Gorbunova). Oborongiz, 1961.

3. Schlichting, H.: Formation of Turbulence. Izd. Inostr. Lit., 1962.

L. Shaymardanov, F.A., Degtyarev, A.N., Kozlov, V.P., and Bannikov, A.T.:
Energ. i Elektroteklm. Prom., No.,4, 1963.

5. Bannikov, A.I.: Energ. i Elektrotekin. Prom., No.3, 1963.

Translated for the National Aeronautics and Space Administration by the
O.W.Leibiger Research Iaboratories, Inc.




